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It has been shown that the gestating gilt has the 
capacity to retain more nitrogen in the body than can be 
accounted for by increases in direct products of conception. 
This retention increases as protein intake increases and has 
been attributed to storage of protein in extrauterine tissues. 
The extent, nature and physiological importance of such 
protein reserves has not been documented in the gilt. 
Other questions arise as to the possible translocation 
of stored protein from the dam's tissues to fetal tissues 
at advanced stages of gestation. Is cellular growth in the 
gravid uterus aided by elevated dietary protein intakes or 
translocated storage protein? 
The aims of this study were (1) to determine the effects 
of protein intake and stage of gestation on growth, repro-
ductive performance and nitrogen balance in gilts and (2) 
to evaluate tissue growth, especially protein, DNA and RNA 
contents of skeletal muscle and the gravid uterus. These 
investigations should lead to a more detailed definition 




This review of literature involves (1) the effects of 
protein intake and stage of gestation on nitrogen balance, 
(2) reproductive performance in gilts, (3) the concept of 
protein storage in the gravid gilt, and (4) the relation-
ships among dietary protein and tissue levels of protein, 
DNA and RNA. 
Nitrogen Balance 
Protein Intake Levels 
Early work using nitrogen balance techniques as an 
indicator of protein metabolism in sows and gilts has been 
extensively reviewed by Duncan and Lodge (1960). The con-
sensus of the studies reviewed was that the pregnant gilt 
retains much more nitrogen than can be accounted for by the 
fetus and associated fluids and membranes. 
Rippel (1967) also reviewed the subject of nitrogen 
balance in relation to reproductive performance of gilts. 
In view of his own work Rippel (1967} stated that the level 
of protein intake may determine the influence of the fetus 
on total nitrogen retained. At protein levels which 
support no more than 8 to 10 g of nitrogen retention per 
2 
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day, fetal weight may have little or no influence on nitrogen 
retention. At higher intakes of protein, fetal needs for 
nitrogen will be met and additional extra-uterine protein 
deposition occurs . 
• 
Since the gravid gilt will retain nitrogen in excess 
of immediate needs, nitrogen balance can be criticized as a 
valid indicator of dietary protein requirements. Newton 
( 1956) states that "the stage of pregnancy is a special 
syndrome, initiated by the products of conception, but not 
adjusted from moment to moment to their requirement". 
Therefore, pregnancy is only a part of the maternal syndrome 
for which the gilt's body must prepare. Therefore, nitrogen 
retained by the gilt may actually reflect total requirements 
for maintenance, gestation, lactation and rebreeding. On 
this basis, retention may be considered a valid parameter of 
longterm dietary protein sufficiency. 
Rippel et al. (1965b) studied nitrogen balance in the 
last one-third of gestation in gilts fed from 0 to 273 g of 
protein daily. These authors fitted a broken line to their 
data and suggested that 230 g of protein daily was sufficient 
to meet the gilt's needs during this part of pregn~ncy. But 
nitrogen retention in their experiment continued to increase 
with increased protein intakes up to their 273 g maximum. 
Miller et al. (1969) also investigated nitrogen reten-
tion in late gestation (day 95) of gilts. Regression of 
nitrogen retained on dietary protein intakes from 114 to 342 
g per day resulted in significant linear (but not quadratic) 
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effects. Retention did not plateau at the higher levels of 
protein. These authors suggested that a high ratio of essen-
tial to non~essential amino acids in the diet may reduce the 
protein required to maximize retention. 
Work by Jones and Maxwell (1974) established that 
nitrogen retention of the gilt, during early pregnancy, is 
a linear (P<.05) function of protein intakes between 143 and 
345 g of crude protein per day. Diets with 8 and 14 percent 
crude protein were produced by extending a 20 percent crude 
protein diet with cornstarch. This resulted in similar· 
amino acid ratios across all diets and a high ratio of essen-
tial to non-essential amino acids in all three diets. 
In conclusion, based on nitrogen balance studies in 
early or late gestation, retention of nitrogen by pregnant 
gilts increases as intake of a high quality protein mixture 
increases. This linear relationship extends to at least 345 
g of crude protein intake daily. 
Jones (1973) recently reviewed the literature on the 
effects of protein quantity, quality and amino acid supple-
mentation on nitrogen balance of gestating gilts. 
Stage of Gestation 
The effects of stage of gestation on nitrogen balance 
in swine have been noted in early literature when Evans 
( 1929) reported no increase. in nitrogen retention as preg-
nancy progressed. However, the author did note an increased 
retention almost from conception indicating that the state 
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of pregnancy involved a changed status of nitrogen metabolism. 
Mitchell et al. (1931) concurred with the observation of 
Evans (1929) that nitrogen retention did not increase as 
pregnancy progressed. 
More recent studies by Salmon-I.egagneur and Rerat (1962) 
and Elsley et al. (1966) indicate that there is an early 
pregnancy anabolism in the gilt, possibly mediated by a 
change in endocrine balance, which subsides as pregnancy 
progresses and fetal needs increase. Campbell et al. (1953) 
previously suggested that the pregnant rat retains nitrogen 
in early pregnancy for later translocation to meet the needs 
of the developing fetuses. 
Contrary to early studies, Elsley et al. (1966) showed 
a significant linear increase in the nitrogen retained by 
gilts as pregnancy progressed from day 1 through day 110. 
These data do not support the idea that the intrauterine 
nitrogen deposition of late pregnancy causes an exponential 
increase in nitrogen retention at that time as suggested by 
Moustgaard (1962). The work of Kline, Anderson and Melampy 
(1972) concurs with Elsley et al. (1966) in that nitrogen 
retained by pregnant gilts increased with each successive 
stage of gestation. 
In an attempt to discover an endocrine basis for 
nitrogen retention during gestation, Shearer et al. (1971) 
studied nitrogen balance from pre-puberty through parturition. 
Throughout early gestation, retention remained rather con-
stant (73.5 mg/kg body weight) then rose to 90.0 mg/kg by 
6 
day 90 and remained constant to day 110. Attempts to corre-
late plasma progesterone levels and retention were unsuccess-
ful, indicating that if a relationship exists between these 
two measurements, it is complex. 
Reproductive Performance 
The topic of reproductive performance in gilts has 
been reviewed by Jones (1973) with general conclusions that 
it is very difficult to establish any direct effect of diet-
ary protein intake on reproductive performance as evaluated 
by litter size or birthweight. Jones and Maxwell (1974) 
reported a linear (P<.05) increase in number of corpora 
lutea as protein intake increased from 143 to 345 g/day. 
However, number of live embryos and embryo survival rate at 
30 days of gestation were not affected by protein intake. 
Studies involving the feeding of fortified milo diets 
to gestating gilts and sows have shown little effect on 
reproductive performance (Galvez et al., 1973; Hines et al., 
1973). Hesby et al. (1973) fed gilts different levels of 
protein at 24 or 84 hour intervals and found no differences 
in offspring performance except total litter and pig birth 
weights. A similar study by Haught et al. (1974) showed 
that fortified sorghum diets fed to day 80 of gestation or 
12 and 14% crude protein diets were adequate when 16 percent 
crude protein lactation diets were fed. Thus reproductive 
performance criteria do not appear to respond to wide ranges 
of dietary protein quantity or quality. 
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The Concept of Protein Storage 
Storage protein in the adult animal was reviewed by 
Kosterlitz and Campbell (1945) with particular attention to 
the nature and physiological significance of protein reserves. 
These authors defined two types of protein stores in the 
adult animal. The first type involves nitrogen which is 
retained or lost according to changes in dietary protein 
intake and is attributable primarily to labile liver cyto-
plasm and to a lesser extent, other body tissues. The second 
type of storage protein is depleted only under more drastic 
conditions such as extended fasting, protein free diets or 
extensive blood losses. This second type of storage is 
primarily muscular nitrogen and relatively extensive losses 
are compatable with life. These storage proteins are not 
likely different from common cytoplasmic proteins. 
Allison and Wannemacher (1965) more recently reviewed 
the concept and significance of labile and over-all protein 
reserves. Protein reserves were defined as those tissue 
proteins which can be reversibly depleted and repleted so as 
to contribute to the free amino acid pools of the body. 
These authors stated that the labile protein reserves of the 
liver, intestines, pancreas and other viscera plus the less 
readily depleted tissue proteins are all part of the total 
reserves that can amount to as much as 25 percent of the 
body nitrogen. 
Munro (1964) summarized studies on protein reserves 
and discounted the probability that labile nitrogen reserves 
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are in the form of free amino nitrogen. In order to explain 
total labile nitrogen, tissue levels of free amino nitrogen 
would have to approximate 100 mg/100 g body weight. Tissue 
levels of well-fed animals usually contain 20 to 40 mg/ 
100 g. Furthermore, depletion of reserves does not markedly 
reduce tissue free amino acid levels. Munro (1964) concluded 
that protein reserves must be in the form of proteins. 
Three major factors stimulating deposition of labile protein 
are (1) increased dietary protein level, (2) protein-
sparing action of dietary carbohydrate, and (3) action of 
anabolic hormones. 
Poo et al. (1940) concluded that the extent of maternal 
protein storage in the pregnant rat was dependent on protein 
intake. At low intakes (1 g/day) pregnant rats had less 
storage (carcass) protein than non-pregnant controls, but 
at higher protein intakes (2 or 3 g/day) pregnant rat car-
casses contained more protein than controls. At the end of 
pregnancy, the distribution of protein in the body was not 
appreciably influenced by protein intake. Approximately 
8 percent of total body protein was found in the uterus and 
embryos. 
Campbell et al. (1953) reduced food intake during the 
last 6 days of pregnancy in the rat and found no decrease 
in number or weight of fetuses or placentae. The deficit 
in energy and protein was compensated for by maternal 
tissues which lost weight during the reduced intake period. 
Maternal reserves which were accumulated during the first 
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13 to 15 days of pregnancy were apparently readily available 
for growth of the fetuses during the last week. 
Naismith (1973) and Naismith and Morgan (1974) suggested 
increased food intake and improved efficiency of protein 
metabolism as the mechanisms by which the pregnant rat ean 
store protein. During the last week of pregnancy, these 
protein stores are catabolized and used for fetal growth. 
Supplementation of protein to the dam in early pregnancy 
resulted in increased body weight, tissue protein, and tissue 
cellularity in the fetus. Improved nutrient transport 
through larger placentae may also have contributed to 
growth of the fetus. 
Duncan and Lodge (1960) cite several studies in which 
the amount of nitrogen retained during the gestation of a 
sow greatly exceeds the amount accounted for by gains in 
the uterus and mammary region. After parturition much of 
the excess protein stored in the body may be lost independ-
ently of milk production. These authors concluded that it 
might be unwise to base requirements for nitrogen on the 
amount accumulated in uterine and mammary tissues. A 
further allowance for storage protein may be desirable for 
optimal performance. 
Elsley et al. (1966) suggested that early pregnancy 
anabolism accounted for the increased liveweight gains of 
pregnant versus non-pregnant gilts. However, by the end of 
gestation, the difference in liveweight (25 kg) was more 
than accounted for by increases in blood, mammary tissues, 
reproductive tract and its contents. If early pregnancy 
anabolism included protein storage, translocation to the 
site of fetal needs may have followed in late gestation. 
The ham muscles of pregnant gilts have been found to 
contain less protein and more water than non-pregnant con-
trols when slaughtered at day 112 of gestation (Kline, et 
al., 1972). The authors suggested that protein was mobil-
ized from muscular tissues to develop fetal tissues. 
Heap and Lodge (1967) conducted similar experiments 
with pregnant and non-pregnant sows and showed small in-
creases in muscle and fat tissues of carcasses at 110 days 
of gestation. The muscles of pregnant sows tended to con-
tain less nitrogen and more water although numbers of 
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animals were inadequate to show significant differences. 
These authors discounted the existence of pregnancy anabolism 
in the sow. 
The extent, nature and physiological importance of, 
protein reserves in the gravid gilt have not been elucidated 
at this time. Extrapolations of such data from rats and 
other species to the gilt may or may not b~ valid. 
Relationships Among Dietary Protein 
and Tissu~ Levels of Proteins, 
DNA and RNA 
Tis sue Proteins 
Evaluation of dietary protein adequacy through the use 
of tissue levels of proteins has several limitations. 
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Nutritional stresses can change either the concentration of 
protein or the absolute amount of protein per tissue. Also, 
some organs can be affected more than others, some types of 
tissues more than others and some proteins more than others. 
Waterlow (1969) has written extensively on the problems 
encountered in determining protein deprivation due to con-
current changes in levels of fat, water and minerals. These 
same problems may be encountered in any attempt to relate 
protein intake and stage of gestation in gilts to the level 
of protein found in body tissues. 
Work by Mendes and Waterlow (1958) indicated that low 
protein intake reduced rat muscle protein nitrogen when 
expressed on a concentration of wet tissue basis. Non-
collagen nitrogen decreased while collagen nitrogen increased 
as a percentage of total nitrogen. Subsequent repletion 
showed that muscle proteins were regenerated more slowly 
than the more labile liver proteins. 
Other studies of general undernourishment of the pig 
and chicken (Widdowson et al., 1960; Dickerson and Mccance, 
1960; Dickerson and Widdowson, 1960) indicate that sarco-
plasmic and fibrillar proteins are most sensitive to nutri-
tional manipulation. Collagen proteins are only slightly 
affected by nutritional stress and thus could actually in-
crease in proportion to other muscle proteins during 
malnourishment. 
The differences in changes of levels of sarcoplasm~c, 
fibrillar, and stromal (collagen) proteins are most likely 
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related to their turnover rates (Wannemacher and Cooper, 
1970). Half-lives are cited as 6.5 days for sarcoplasmic 
globulin, 10 days for sarcoplasmic albumin, 25 to 80 days 
for myosin and actin and greater than 100 days for collagen. 
Reasons for these differences in turnover rates are related 
to rate of protein degradation (Goldberg and Dice, 1974; 
Low and Goldberg, 1973). A decreased rate of protein syn-
thesis as found in dietary protein inadequacy would first 
affect tissue levels of those proteins with higher turnover 
rates, namely sarcoplasmic proteins. 
Long term undernourishment did not affect the ratio of 
fibrillar to sarcoplasmic proteins with pigs (Widdowson 
et al., 1960) and rats (Waterlow and Stephen, 1966) but 
other studies have shown a greater loss of sarcoplasmic 
proteins (Dickerson and Mccance, 1960). 
In the opposite situation where we are concerned with 
the nature of stored protein in tissues, there is less · 
information available. Goldberg (1968) studied work-induced 
hypertrophy of rat muscles and found synthesis of sarco-
plasmic and fibrillar proteins to be similar in proportion 
to that in non-growing controls. However, due to different 
rates of degradation, the effects of hypertrophy on tissue 
are not kno\vn. The nature of the majority of protein 
reserves is one of slow depletion. This infers slow turn-
over and would point to fibrillar proteins as the major 
site of protein reserves. 
This idea is supported by the work of Dickerson and 
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Widdowson (1960) which showed relative concentrations of 
nitrogen from total protein, fibrillar protein and sarco-
plasmic protein in the pig. From mid-gestation to adulthood 
sarcoplasmic protein nitrogen changes only slightly whereas 
fibrillar protein nitrogen increases greatly and explains 
most of the increase in total protein nitrogen. If reserve 
protein is being deposited, it is likely to be in the form 
of fibrillar protein. 
Tissue DNA Levels 
Other cellular compounds have been widely used to 
indicate tissue protein metabolism responses to such stimuli 
as protein intake and pregnancy. DNA content of a tissue 
has been used as an indicator of relative nuclei numbers. 
The non-dividing nucleus has been estimated to contain a 
-12 fairly constant 7xl0 g of DNA (Munro and Fleck, 1969). 
This constancy of DNA per diploid set of chromosomes has 
been questioned by some researchers who have reported meta-
bolically active DNA (Stroun et al., 1967). 
Mature skeletal muscle cells may contain from 100 to 
200 nuclei; however, a limit exists to the amount of cyto-
plasm that a nucleus can maintain (Stromer et al., 1974)-. 
Therefore an increase in muscle cell size ultimately requires 
an increase in nuclei numbers. Martin et al.(1974) have 
reported increases in muscle DNA beyond 6 months of age in 
the gilt and Robinson (1969) noted increases in pig muscle 
DNA at 100 days of age. This implies that gilts of breeding 
14 
age may be able to increase muscle tissue mass by increasing 
nuclei numbers (DNA) as described by Stromer et al. (1974). 
The use of ratios of protein to DNA or muscle to DNA is of 
questionable value to evaluate growth because the addition 
of new nuclei could theoretically lower this ratio. Growing 
tissues could have a wide range of protein to DNA ratios. 
Another problem associated with using DNA as a reference 
point for tissue analysis is the fact that organs and 
tissues contain mixtures of cell types with different 
volumes of cytoplasm per nucleus (Munro and Fleck, 1969). 
This problem may be minimal in muscle tissue but the preg-
nant uterus would contain a mixture of cell types, some of 
which would be actively dividing (more than diploid). 
Venable (1966) reported that of the nuclei found in the 
levator ani muscle of the mouse, only 57 percent belonged 
to contractile cells. Thus, the protein:DNA ratio may not 
be a valid index of protein metabolism with respect to sarco-
plasmic and fibrillar protein. 
Although various expressions of DNA may help us learn 
more about tissue growth, the use of total DNA per muscle 
(Trenkle, 1974) or organ (i.e. uterus, leathern et al., 1968) 
appears to be the statistic least vulnerable to distortion 
by changes in other tissue constituents. 
Tissue RNA levels 
The use of RNA levels in tissues as an indicator of 
protein synthetic activity is well documented. Bergen (1974) 
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summarized recent work on regulation of protein synthesis 
through control of RNA levels. Amino acid deficiencies 
(protein deprivation) reduce synthesis of ribosomal RNA, 
possibly through an accumulation of unacylated tRNA. Reduc-
tion of ribosomal RNA has the long-term effect of reducing 
protein synthesis. Allsion et al. (1963) and Howarth (1972) 
have shown reduced overall RNA levels in muscles of protein 
deficient rats. leathern et al. (1968) found uterine RNA to 
be less responsive to pregnancy in the rat when poor quality 
proteins were fed. 
Reduced RNA:DNA ratios also serve as good indicators of 
reduced protein synthetic activity in muscle. More specifi-
cally, ribosomal RNA concentration is a major determinant 
of muscle protein syntheis. 
One complication encountered in using RNA levels to 
indicate protein synthetic activity is that of altered 
efficiencies of synthesis. The amount of cellular protein 
supported per unit of total RNA increases as growth prog-
resses (Young, 1974). Bergen ( 1974) states that efficiency 
of protein synthesis (amino acids incorporated per unit of 
ribosomal RNA) is probably controlled by hormonal factors 
which may account for increased protein synthesis associated 
with endocrine changes of pregnancy. 
CHAPTER III 
GROWTH,. ·REPRODUCTIVE PERFORMANCE AND 
NITROGEN BAIANCE OF GTLTS AS 
AFFECTED BY PROTEIN INTAKE 
AND STAGE OF GESTATION1' 2 
Summary 
Two trials were conducted to establish the effects of 
four levels of crude protein and three stages of gestation 
of the growth, reproductive performance and nitrogen balance 
of 68 crossbred gilts. Gilts were fed 147, 256, 309, or 369 
g of crude protein daily in trial 1 and 119, 227, 275 or 326 
g per day in trial 2. Total body weight gain and average 
daily gain were not significantly affected by protein intake. 
Total gain and average daily gain increased linearly (P<.Ol) 
as stage of gestation progressed. 
Gilts were slaughtered at 30, 60, or 90 days of gesta-
tion and evaluated for reproductive performance. Protein 
intak~ did not significantly affect number of corpora lutea, 
1Journal Article of the Oklahoma Agricultural Experi-
ment Station, Cklahoma State University, Stillwater 74074. 
2The authors wish to express appreciation to Rex Vencl 
for his care of experimental animals and R.K. Johnson for 
assistance with statistical analysis. 
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number of live embryos, survival rate or embryo lengths. 
Survival rate (P<:,.05), number of corpora lutea (P<.05) and 
number of live embryos (P<.01) declined linearly as gestation 
stage progressed. Embryo length adjusted for differences 
in embryo age appeared to increase at a decreasing rate 
(quadratic, P<.Ol) through gestation indicating that some 
factor limited growth in length of the fetus as early as 90 
days of gestation. 
Nitrogen balance studies were conducted prior to 
breeding and in early, mid and late gestation. Gestational 
balance data were affected by interactions possibly explained 
by seasonal temperature effects on energy requirements of 
the gilt. In trial 1 (conducted from March 1, 1974 to 
September 4, 1974), increasing dietary protein resulted in a 
linear (P<.Ol) increase in nitrogen retention. Retention 
increased (P<.Ol) by 4.1 g/day from pre-breeding to early 
pregnancy studies. Stage of gestation had a quadratic 
effect on retained nitrogen; retention was higher in early 
and late gestation than in mid gestation. 
Trial 2 was conducted from January 1, 1975 to June 5, 
1975 and overall mean nitrogen retention during pregnancy 
was -1.7 g/day. Retention was not significantly affected 
by protein intake but retained nitrogen declined in a quad-
ratic (P<.05) manner over stages of gestation to a -16.3 
g/day in late gestation. Catabolism of protein for energy 
of maintenance and increasing fetal energy needs in late 
gestation may explain these results. Unlike trial 1, 
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inception of pregnancy did not result in an increase in 
retention of nitrogen. No relationship between protein 
intake and nitrogen balance data and subsequent reproductive 
performance could be established. The lowest level of pro-
tein intake (147 g/day) appeared to be adequate for the~­
first 90 days of gestation in the gilt. However, nitrogen 
retention was not maximized at this level of protein intake 
and subsequent lactation may have been adversely affected. 
Energy levels in diets fed in this experiment were apparently 
inadequate to support nitrogen retention in trial 2 when 
environmental temperatures were lower. N.R.C. (1973) 
recommendations of 6600 kcal/day may well be a lower limit 
for digestible energy requirements in gestating gilts 
during cooler seasons. 
Introduction 
In establishing recommended protein allowances for 
reproducing gilts, a review of the literature reveals no 
sound relationships between protein intake levels or protein 
source and subsequent litter size or pig birth weight 
(Clawson et al., 1963; Rippel et al., 1965a; Frobish et al., 
1966; Baker et al., 1970; Hawton and Meade, 1971; Degeeter 
.£!al., 1972). 
Work by Pond et al. (1968) suggests that protein limit-
ation has its greatest effect on pregnancy during the first 
3 or 4 weeks. Jones and Maxwell (1974) found a linear 
increase in number of corpora lutea as protein intake 
increased from 143 to 345 g/day in gilts fed from before 
puberty; however, number of live embryos and survival rate 
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at 30 days of gestation were not significantly affected by 
protein level. Severe protein restriction reduced repro-
ductive efficiency of gilts as measured by percent exhibiting 
estrus, time interval to estrus and ovulation rate at the 
second pregnancy (Svajgr et al., 1972). Jones and Maxwell 
(1974) also noted a tendency toward higher anestrous rates 
in gilts fed lower protein levels. 
Nitrogen balance of gilts during late gestation has 
been documented by Rippel et al. (1965b), Miller et al. 
(1969), and Hesby et al. (1971) with little evidence of a 
relationship between nitrogen retention and parturition 
performance. Miller et al. (1969) reported linear increases 
in nitrogen retained at 100 days of gestation as protein 
intake increased from 114 to 342 g/day. During early 
gestation, a similar linear increase has been noted by Jones 
and Maxwell (1974). The effect of stage of gestation on 
nitrogen balance has been reported as a linear increase 
throughout gestation (Elsley et al., 1966; Kline~ al., 
1972). 
The objectives of this study were to examine nitrogen 
retention in the pregnant gilt as affected by protein intake 
and stage of gestation. Concurrent evaluation of reproduc-
tive performance and growth rate were conducted. 
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Materials and Methods 
Two trials used a total of 68 crossbred (Hamp-York and 
Harnp-York-Duroc) gilts randomly allotted by weight to one of 
four protein treatment groups and subsequently to one of 
three slaughter groups (Table I). Gilts were approximately 
275 days of age at the start of the trial. Treatment groups 
were assigned diets calculated to contain 8, 14, 17 and 20% 
crude protein. The 20% crude protein corn-soybean meal diet 
was extended with corn starch to give 17, 14, and 8% crude 
protein diets while retaining amino acid ratios across 
protein levels (Table II). Dietary calcium and phosphorus 
were maintained at . 7 5 and . 50% respectively, and vi tarnins 
and trace minerals were supplied at levels presented in 
Table II. Slaughter groups 30, 60 and 90 represent the 
approximate days after breeding when gilts were slaughtered. 
From cursory observations, groups of gilts were ob-
served to have been exhibiting estrus before the experiment 
began. Gilts were allotted to treatment groups and as each 
individual gilt exhibited estrus, the rations were changed 
from 2.27 kg of a 16% crude protein diet to 1.82 kg of the 
experimental diet. This provided daily crude protein and 
digestible energy intakes for the respective trials as shown 
in Table III. Trial 2 crude protein levels were approxi-
mately 88% of calculated values apparently due to corn or 
soybean meal crude protein values below expected levels. 
Each of the four treatment groups was randomly assigned to 
one of four dirt lots. Gilts were fed once daily in 
individual feeding stalls and had access to drinking water 
and shelter. In sunnner, gilts were provided with foggers 
for cooling and in winter, a minimal amount of wheat straw 
bedding was used. Gilts were observed daily for signs of 
estrus by introducing a teaser boar into the pens. Each 
gilt was mated to two different boars on consecutive days 
of the second estrus on trial. 
Five-day nitrogen balance studies were conducted on a 
random sample (47) of the gilts. Collection periods 1, 2, 
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3, and 4 were defined as those before breeding, early, mid, 
and late gestation, respectively. Animals were placed in 
metal metabolism stalls on day 11 after the first estrus on 
trial and again on day 21 after breeding. Gilts in slaughter 
groups 60 and 90 were placed in stalls on day 51 of gesta-
tion and gilts in slaughter group 90 were returned to stalls 
on day 81 of gestation with a 2-day adjustment period prior 
to each 5-day collection. Urine was collected in concen-
trated hydrochloric acid and 10% of daily urine and fecal 
collections were frozen for Kjeldahl nitrogen analysis 
(A.O.A.C., 1960). 
Gilts were weighed at the start of the trial and at 
slaughter. Gilts were salughtered at least once weekly, as 
near allotted slaughter dates as possible. Mean embryo ages 
are given in Table VI. Reproductive tracts were recovered 
and evaluated innnediately. Corpora lutea counts were 
recorded for each ovary and each uterine horn was cut open, 
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starting with the cervical end, to obtain embryos. Crown to 
rump length was measured with calipers on all viable 30-day 
embryos while encased in the amnionic sac. Sixty and ninety-
day embryos were separated from placental membranes and 
allowed to assume a "natural" position before measurement of 
crown to rump lengths. Viable embryos were considered to be 
those which showed no signs of atrophy and were of reason-
ably normal size. 
Data were analyzed by least squares analysis of 
variance described by Harvey ( 1960). Nitrogen balance data 
were analyzed as split-plots (Table IV) within each trial 
due to significant trial by protein level by collection 
period interactions. To compare nitrogen balance in open 
and early pregnancy gilts, an analysis was conducted with a 
model including four protein levels and two collection 
periods. An F-test of the collection period sums of squares 
provided probability levels for differences. Growth and 
reproductive performance data were analyzed as a randomized 
block with a model including two trials, four protein levels 
and three slaughter groups (stages of gestation). Trial 
interactions were not indicated in growth and reproductive 
performance data; therefore, the trial results were pooled 
for analysis. Embryo numbers and survival rates were 
adjusted for unequal number of corpora lutea and embryo 
length was adjusted for unequal age of embryos by partial 
regression procedures of the least squares program (Harvey, 
1960). All least squares means were tested for fit to 
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linear, quadratic and cubic polynomials over the four 
protein levels and linear or quadratic for the three collec-
tion periods or slaughter groups. 
Results and Discussion 
Growth 
Growth data for the combined trials are presented in 
Table V. Protein level did not significantly affect mean 
weight gain from the start of the trial to slaughter date 
which averaged 111.6 days for all gilts. Mean weight gains 
were 20.1, 22.4, 26.4, and 22.4 kg for protein groups 8, 14, 
17, and LO, respectively. Protein level tended to have a 
quadratic effect on average daily gain (P<.10). Rates of 
gain in this experiment were considerably lower than that 
observed by Baker et al. ( 1969) in gestating gilts fed 1. 9 
kg of a 16% crude protein diet. However, Baker et al. (1969) 
measured gain over the entire gestation period and cited the 
fact that pregnant gilts have a greater propensity for 
weight gain than nonpregnant gilts at similar intakes. 
Growth during gestation was linear (P<.01) as measured 
by slaughter weight and total gain. The average daily gain 
for the three slaughter groups more clearly describes growth 
and indicates that as gestation progressed, rate of gain 
increased linearly (P<.01). The longer a gilt was in the 
state of pregnancy, the greater the overall rate of gain due 
to lesser dilution by prepregnancy rate of gain. Elsley 
,, 
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et al. (1966) presents a growth curve with similar shape 
but greater magnitude for bred gilts fed 2.2 kg/day of a 14% 
crude protein diet. Although gilts in trial 1 initially 
weighed 22.6 kg more (P<.01) than trial 2 gilts, weight gain 
patterns were similar. 
Reproductive Performance 
Table VI summarizes the reproductive performance for 
combined trials classified by protein level and slaughter 
group. None of the measurements obtained were affected by 
protein intake. Numbers of corpora lutea were 12.6, 13.4, 
13.0, and 13.8 for protein levels 8, 14, 17, and 20/o, 
respectively. Mean ovulation rate (as indicated by corpora 
lutea) was 13.2 for all gilts, slightly lower than the 13.8 
corpora lutea reported previously by Jones and Maxwell 
(1974). Number of corpora lutea appeared to decrease with 
stage of gestation (linear, P<. 05); however, since there 
were no repeated observations of corpora lutea in the same 
animals, it may be wise to disregard this decline in luteal 
count with progressing pregnancy. There was a decline in 
number of embryos (2.9 embryos) and corresponding decline in 
corpora lutea (1.4 corpora lutea) as pregnancy progressed 
from 30 to 90 days. Polge et al. (1966) observed the effects 
of reducing numbers of embryos during early gestation on 
the maintenance of pregnancy and suggested that four or more 
embryos were necessary to overcome the uterine luteolytic 
effect. It is possible that as embryo numbers declined due 
to normal mortality within the uterus, a small degree of 
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luteolytic activity caused regression of the smaller, under-
developed corpora lutea. These data are not adequate to 
substantiate such an occurence. 
Numbers of live embryos were not affected by protein 
intake with 11.1, 11.0, 10.7, and 10.2 embryos for 8, 14, 
17, and 20% diets, respectively. Partial regression of live 
embryo numbers on numbers of corpora lutea resulted in a 
significant reduction of the error mean square indicating a 
part of the variation in live embryos was associated with 
differences in corpora lutea numbers. However, protein 
levels had no effect on number of live embryos at 30, 60, or 
90 days postbreeding. This is in agreement with earlier 
work by Jones and Maxwell (1974) at 30 days postbreeding. 
As gestation progressed, number of live embryos declined in 
a linear (P<.Ol) manner. Number of embryos adjusted for 
unequal numbers of corpora lutea also declined linearly 
(P<.05). 
Survival rate or percentage of corpora lutea repres-
ented by live embryos at slaughter was not significantly 
affected by protein intake, although survival rate declined 
by 13.7% as protein level was increased from 8 to 20%. As 
expected, survival rate declined at each successive stage of 
gestation (linear, P<.05). Mean embryo survival at 30 days 
in this experiment (88.6%) was higher than the 57 to 70% at 
25 days cited in a review by Hanly (1961). 
After adjusting for differences in embryo length which 
were associated with age of embryos, protein level was found 
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to have no significant effect on length. Since the observed 
quadratic effect (P<.05) of stage of gestation on embryo 
length was independent of age, some other factor, such as 
number of embryos in the litter, must have been involved. 
These data suggest that factors limiting growth were present 
at day 90 because the rate of increase in length was 
declining. However, it is possible that the very nature of 
growth of the fetus at later stages of gestation does not 
lend itself to evaluation by crown-rump length measurements. 
Nitrogen Balance 
Significant trial by protein level by collection period 
interactions warranted discussion of nitrogen balance 
studies on a within trial basis. least squares means for 
nitrogen retained, urinary nitrogen, fecal nitrogen, and 
retention efficiency are given in Table VII. Retention 
efficiency or biological value is defined as retained 
nitrogen expressed as a percentage of absorbed nitrogen and 
should indicate the degree of efficiency with which absorbed 
nitrogen is used for tissue gains. Since collection period 
1 (before breeding) involves the gilt in an entirely dif-
ferent physiological state from other collection periods, a 
separate analysis of the data was conducted to compare 
nitrogen balance of the open gilts (collection period 1) 
versus gilts in early pregnancy (collection period :~). 
These data are presented in Table VIII. 
Trial 1 was begun on March 1, 1974 and continued until 
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September 4, 1974 and all 24 gilts were subjected to nitro-
gen balance studies. As protein level increased, nitrogen 
retention increased linearly (P<.01) with mean values of 
10.3, 18.1, 22.1, and 28.9 g/day for protein levels 8, 14, 
17, and 20%, respectively. This linear relationship is 
similar to that reported by Miller et al. (1969) during late 
gestation and Jones and Maxwell (1974) in early gestation. 
Values reported here are least squares means of retention at 
three stages of gestation and comparable values are not 
found in the literature. Retention of nitrogen appeared to 
be reduced at mid-gestation (collection period 3) but 
!.-
similar in early and late gestation as evidenced by a sig-
nificant quadratic, but not linear, relationship. It is 
possible that nitrogen storage initiated by pregnancy 
brought reserves to near capacity so as to somewhat reduce 
retention in mid-gestation, followed by increased retention 
in late pregnancy to meet increased fetal demands. These 
data conflict with earlier work by Elsley et al. ( 1966) and 
Kline et al. (1972) which showed increasing retention from 
a low value early in gestation to maximum retentions in.late 
gestation. In this experiment, all diets had amino acid 
ratios similar to a high quality 20% crude protein mixture, 
possibly accounting for improved retention by providing 
substrate stimulation of rRNA and protein synthesis as 
described by Bergen (1974). 
Urinary nitrogen reflected retained nitrogen with a 
linear (P<.01) increase as protein intake increased and a 
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similar, but inverted, quadratic (P<.01) response to stage 
of gestation. Fecal nitrogen responded in a linear (P<.05) 
manner to protein intake; however, a quadratic (P<.10) trend 
was apparent due to lower values for protein levels 8 and 
20%. Retention efficiency did not appear to be affected by 
protein intake and had a mean value for all gilts of 49.8%. 
Retained nitrogen was reflected by a similar quadratic 
(P<..05) response of retention efficiency to stage of 
gestation. Changes in retention efficiency suggest changes 
in protein synthesis. Bergen (1974) states that total 
protein synthesis can only be increased by increasing the 
synthetic capacity (elevated rRNA) through improved sub-
strate availability and hormonal influence or by increasing 
the efficiency of synthetic machinery through hormonal 
factors. If stage of gestation affects protein synthesis, 
the control mechanism would probably be through hormonal 
modification of RNA synthesis (Manchester, 1970) or through 
an increased rate of ribosome movement along m.RNA 
(Manchester, 1972). The exact control is not yet understood. 
In trial 1, a comparison of nitrogen balance of 
pregnant versus nonpregnant gilts demonstrated significantly 
increased retention and retention efficiency for pregnant 
gilts (Table VIII). Conception increased nitrogen balance 
by 4.1 g/day. Urinary nitrogen was significantly decreased 
by pregnancy while fecal nitrogen was not affected, 
indicating that improved absorption of nitrogen was not 
involved in the increased retention efficiency. Elsley 
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et al. (1966) reported a mean increase in retained nitrogen 
of 4.6 g/day for pregnant versus nonpregnant gilts in six 
10-day balance studies spaced throughout pregnancy. 
Trial 2 was conducted during the winter and spring, 
starting on January 1, 1975 and ending June 5, 1975. 
Twenty-three of the forty gilts were subjected to nitrogen 
balance studies. Nitrogen balance in this trial was consid-
erably lower than in the previous trial with overall mean 
retention of -1.7 g/day versus 19.8 g/day for trial 1. 
Retention was not significantly affected by protein intake, 
but there was a significant quadratic effect of stage of 
gestation on retention. Mean retentions of 7.3, 4.1, and 
-16.3 g/day were recorded in collection periods 2, 3, and 
4, respectively. Possibly the cooler temperatures of this 
season increased the gilts' maintenance energy requirements 
to such a degree that protein was being catabolized as an 
energy source with subsequent loss of nitrogen. The 
increasing needs of the developing fetuses could have placed 
further demands for energy on the dam as demonstrated by the 
high negative nitrogen balance in collection period 4. 
Calculated daily intakes of digestible energy were 6323, 
6255, 6223, and 6190 kcal/day for protein levels 8, 14, 17, 
and .::'.0%, respectively. Although these values are quite 
similar, they are below the N.R.C. (1973) recommendation of 
6600 kcal/day for gilts. Munro (1964) reviewed the influ-
ence of dietary energy on nitrogen balance and summarized 
the available data by stating that under normal nutritional 
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conditions, nitrogen retention is increased by an increase 
in energy intake as long as protein intake is adequate. 
Conversely, an increase in protein intake may not result in 
increased nitrogen retention if energy intake is inadequate. 
Studies with adult rats, dogs, and humans showed that within 
limits, additional energy resulted in linear increases in 
nitrogen retention (2 to 4 mgN/kcal). Therefore, it is 
possible that energy intake in trial 2 was inadequate to 
allow maximal retention of nitrogen. Baker et al. (1969) 
found that at least 1.9 kg/day of a 16% crude protein corn 
soybean meal diet was necessary to maximize pig birth 
weights indicating that this level of intake provides ade-
quate combinations of energy and protein to maximize intra-
uterine growth. Levels of intake in this experiment (1.82 
kg/day) would appear slightly marginal in light of their 
work. Trial 2 crude protein intakes were lower than trial 
1 values due to a lower than expected protein content of 
the corn or soybean meal. 
Urinary and fecal nitrogen increased linearly (P<.01) 
with increasing protein intake and urinary nitrogen 
increased in a quadratic (P<.Ol) fashion over stages of 
gestation. Fecal nitrogen responded to stage of gestation 
in a quadratic (P<.05) manner with apparent digestion being 
greatest in late gestation. Retention efficiency was not 
significantly affected by protein intake, but there was a 
quadratic (P<.05) response to stage of gestation. 
Retention efficiency, or the percentage of absorbed nitrogen 
that is retained, would theoretically decrease when the 
amount absorbed exceeds the amount which can be used for 
protein synthesis in the body, or if amino acids are being 
used for gluconeogenesis. 
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A comparison of gilts before and after breeding did not 
show an increased nitrogen retention with pregnancy as seen 
in trial 1. Mean retentions were 8.6 and 6.8 g/day for 











NUMBERS OF GILTS BY TRIAL, PROTEIN 
LEVEL AND SLAUGHTER GROUP 
Protein Level 
8% 14% 17% 
Trial 1 
3 2 2 
2 2 2 
1 2 2 
6b 6c 6c 
Trial 2 
2 3 3 
3 3 3 
4 4 4 










aslaughter group number indicates approximate date of gestation 
when slaughtered. 
b One gilt apparently pregnant before trial began. 
cone gilt anestrous. 












CALCULATED COMPOSITION OF EXPERIMENTAL DIETS 
International 8% 14% 17% 20% 
Ingredients Reference No. Protein Protein Protein Protein 
Corn (9%)a 4-02-931 24.75 44.76 54.77 64.77 
Corn, dent yellow, grain, gr2US mn54wt, (4) 
Soybean meal (44%) 5-04-604 12.31 22.25 27.23 32.20 
Soybean, seed, solv-extd grnd, mx 7fbr (5) 
Corn starch (0.6%) 4-02-889 59.24 29.62 14.80 
Corn, starch, dehy grnd, (4) 
Dicalcium phosphate 6-01-080 1.94 1.33 1.02 .71 
Calcium phosphate, dibasic, commercial 
Calcium carbonate 6-01-069 .76 1.04 1.18 1.32 
Caco3, commercial mn 38% calcium 
Vitamin T.M. Premix .50 .50 .50 .50 
Salt .50 .50 .50 .50 
aEstimated percent protein given in parentheses. 
bVitamin-trace mineral premix supplied 3300 USP Units Vitamin A, 33 USP Units Vitamin D3, 6.6 IU 
Vitamin E, 4.4 mg riboflavin, 22 mg d-pantothenic acid, 33 mg niacin, 1100 mg choline chloride, .0165 mg 
Vitamin B12 , 2.2 mg menadione sodium bisulfite per kg of diet and 22 PPM Mn, 100 PPM Zn, 122 PPM_!, 100 PPM 









Calculated Crude Proteina 
Actual Crude Proteina 
Calculated Digestible Energy 
(kcal/day) 
Protein Level 
8% 14% 17% 
23.3 40.8 49.5 
23.5 40.9 49.5 
(10.5) (36.3) (44.0) 
146 255 309 
147 256 309 
(119) (227) (275) 
6323 6255 6223 











ANALYSIS OF VARIANCE TABLE FOR 




Total (Corrected) 43 
Between animals 23 




Animals/protein levels 20 
Within animals 20 
Collection periods 2 
Linear 1 
Quadratic 1 
Protein level x Collection period 6 
Animals x Collection period/ 


















BODY WEIGHT AND GROWTH DATA OF GILTSa 
Protein Level 
Item 
8% 14% 17% 20% 
No. of Gilts 15 16 16 14 
Initial Weight (kg) 133+2.9 128+2.8 130+2.8 130+3.0 
Slaughter Weight (kg) 153+2.9 150+2.8 156+2.8 152+3.0 
Total Gain (kg) 20.1+2.5 22.4+2.4 . 26.4+2.4 22.9+2.6 
Average Daily Gain (kg) .173+. 022 .221+.021 .225+.021 .191+.023 
aMeans + standard error. 
bLinear effect significant (P<.01). 
c 












23.7+2.2 32.o+2.3 b 





REPRODUCTIVE PERFORMANCE OF GILTS 
Protein Level 
Item 
8% 14% 17% 
No. of gilts 15 16 16 
No. corpora lutea 12.6+.56 13.4+.54 13.0+.54 
No. live embryos 11.1+. 66 11.0+. 64 10. 7+. 64 
No. embryos adjustede~ 11.4+.61 10.9+.58 10.8+.58 
Actual survival rate (%) 8 6. 9+4. 7 82.5+4.5 82.7+4. 5 
Adjusted survival rate (%)e 85.9+4.7 82.9+4.5 82.4+4.5 
Embryo length (rnrn)f 136.8+1.80 139.l+l.79 137.0+l.75 - - -
Embryo ages (days) 62.4+.6 62.1+.6 
aMeans + standard errors. 
bLinear-effect significant (P<.05). 
cLinear effect significant (P<.01). 
dquadratic effect significant (P(.01). 
62.0+.6 
evalues adjusted to overall corpora lutea mean of 13.2. 











30 60 90 
21 19 21 
14.0+.46 13.0+.48 12.6+.51 b 
12.4+.54 10.3+.57 9.5+.6lc 
11.9+.51 10.4+.52 9.8+.56 
b 
88.6+3.8 80.0+4.l 75.4+4.3 
b 
90.1+4.0 79.7+4.0 74.4+4.3 b 
109.2+13.7 144.3+1.6 163.5+13.ld - -




NITROGEN BALANCE OF GILTS FED GRADED LEVELS OF PROTEINa 
Item Protein Level Collection Period 
8% 14% 17% 20% 2 3 4 
Trial 1 
No. of gilts 6 6 6 6 24 14 6 
Retained N (g/day) 10.3+2.0 18.1+1. 7 22.1+1.7 28.9+2.0 b 19. 9+1.1 17.8+1.2 21. 7+1. 6 
d 
Urinary N (g/day) 11.0+2 .1 18.2+1. 7 22. 8+1. 7 25.7+2.l b 19.1+1.l 21. 9+1. 2 17 .3+1.6e 
Fecal N (g/day) 2. 2+. 7 4.6+.6 4. 7+. 6 4.4+.7 
c 4.2+.4 3.5+.4 4.2+.6 -
Retention 47.2+5.4 50.6+4.4 48.9+4.4 52.6+5.4 49.9+2.8 44.1+3.0 55.4+4.l d 
efficiency (%) 
Trial 2 
No. of gilts 5 6 6 6 23 18 11 
Retained N (g/day) .8+3.8 4.0+3.6 -8.0+3.6 -3.6+4.0 7.3+2.8 4.1+3. 0 -16.3+3.9 
d 
Urinary N (g/day) 15.1+3.3 26.9+3.l 4.15+3.l 49.3+3.5 
b 
23.4+2.3 26.5+2.5 49.7+3.2 
e 
Fecal N (g/day) 3.1+.6 5.3+.6 5.6+.6 6.4+.6 
b 
5.4+.3 5.5+.3 4.4+.4 
d 
Retention 6.8+10.5 13.0+9.9 -8.4+9.9 -7. 6+11. 2 27.7+7.5 18.2+8.0 -43.0+10.4 d 
efficiency (%) 
aMeans + standard error. dQuadratic effect significant (P<.05). 
bLinear effect significant (P<.01). eQuadratic effect significant (P<.01). 




NITROGEN BALANCE OF OPEN AND EARLY PREGNANCY GILTSa 
Item 
Protein Level Collection Period 
No. of gilts 
Retained N (g/day) 
Urinary N (g/day) 
Fecal N (g/day) 
Retention 
efficiency (%) 
No. of gilts 
Retained N (g/day) 
Urinary N (g/day) 


























17% 20% la 
Trial 1 
6 6 24 








49.7+3.9 51.0+3.9 39.6+2.7 
Trial 2 
6 6 23 
6.3+2.6 13.2+2.6 8.6+1.7 
27 .9+1.8 31. 3+1. 8 b 23.o+l.3 
6.4+.4 7.4+.4 b 6.1+.3 
25.4+6.2 34.3+6.2 26.0+4.l 
dOpen collection period. 
eEarly pregnancy collection period. bLinear-effect significant. (P<.01). 


















TISSUE LEVELS OF PROTEINS, DNA AND RNA 
AS AFFECTED BY PROTEIN INTAKE AND 
STAGE OF GESTATION IN GILTS1' z 
Summary 
Forty crossbred gilts were fed diets providing 119, 
227, 275, or 326 g of crude protein from the estrus prior to 
breeding until slaughter at 30, 60, or 90 days of gestation. 
At slaughter, reproductive tracts, muscles of the ham (semi-
tendinosus and biceps femoris) and the liver were removed, 
~ighed and a sample of each were frozen for later analyses. 
Gravid uterine tissues and nru.scle samples were analyzed for 
sarcoplasmic and fibrillar proteins, crude protein, DNA and 
RNA. Uterine fluid volumes were recorded and fluid and 
liver samples were analyzed for crude protein. 
Muscle weights and total sarcoplasmic protein increased 
linearly (P<.05) as stage of gestation progressed, while 
total muscle fibrillar protein and total crude protein 
1Journal Article of the Oklahoma Agricultural Experi-
ment Station, Cklahoma State University, Stillwater 74074. 
2The authors wish to express appreciation to Rex Vencl 
for his care of experimental animals and R.K. Johnson for 
assistance with statistical analysis. 
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increased in a linear (P<.05) manner as daily protein intake 
was increased. 
A linear (P<.01) increase in gravid uterine tissue 
weight was apparent as stage of gestation progressed and was 
reflected by similar increases in fibrillar, sarcoplasmic, 
and crude protein values. Percentages of fibrillar and 
sarcoplasmic proteins increased (linear, P<.05) as protein 
intake increased. 
Liver crude protein values did not support any pattern 
of protein storage or depletion during the first 90 days of 
gestation. Total uterine fluid crude protein increased 
greatly by mid-gestation and decreased slightly by 90 days 
of pregnancy (quadratic, P<.01). 
Muscle RNA to DNA ratios increased (linear, P<.05) as 
pregnancy progressed as did total RNA (P<.Ol) suggesting 
increased protein synthetic activity. The lack of response 
of DNA to protein intake and stage of gestation indicates 
that increases in muscle weights and fibrillar and sarco-
plasmic proteins were not due to increase in nuclei numbers 
but were simply hypertrophy of existing nucleus-cytoplasm 
units. 
Total DNA and RNA of the gravid uterus increased 
(linear, P<.01) as pregnancy continued and the ratio of RNA 
and DNA was not significantly changed from 30 to 90 days of 
pregnancy, possibly reflecting hyperplasic fetal growth 
during this period. 
Introduction 
Tissue composition has been widely used to indicate 
dietary needs for growth. Waterlow ( 1969) reviewed the 
problems faced in evaluating dietary protein adequacy 
through the use of tissue protein levels. Mendes and 
Waterlow (1958) indicated that low dietary protein intake 
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by rats reduced muscle protein nitrogen on a wet tissue 
basis. Sarcoplasmic and fibrillar proteins have been pro-
posed as sensitive indicators of dietary protein adequacy 
(Widdowson et al., 1960; Dickerson and Mccance, 1960; 
Dickerson and Widdowson, 1960) while collagen proteins are 
only slightly affected by nutritional stress. Relative 
turnover rates of different muscle proteins determine which 
will respond first to nutritional manipulation. Wannernacher 
and Cooper (1970) indicate that sarcoplasmic proteins have 
the greatest turnover rates followed by fibrillar proteins 
with collagen proteins having a much longer half-life. 
Low and Goldberg (1973) and Goldberg and Dice (1974) dis-
cussed reasons for differences in protein turnover rates 
with regard to rates of protein degradation. These authors 
concluded that protein structure determines degradation 
rates. In general, catabolisrn is more rapid for abnormal 
proteins, for larger molecular size proteins, for proteins 
altered by ligand binding, and for those proteins sensitive 
to certain proteases. Swick and Song (1974) more specifi-
cally reviewed the turnover rates of muscle proteins and 
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pointed out that only a small fraction of the total protein 
synthesized is accumulated during growth. These authors 
emphasized the importance of muscle protein turnover in 
enabling the animal to quickly adapt to a changing environ-
ment by catabolizing body tissues during times of inadequate 
nutrition. 
Use of tissue protein levels for evaluating the ade-
quacy of protein in gilt gestation diets is complex. Duncan 
and Lodge (1960), Elsley et al. (1966) and Kline et al. 
(1972) give evidence for an early pregnancy protein anabolism 
above that explained by uterine and manunary growth of the 
gilt. A similar protein storage has been demonstrated in 
the pregnant rat, whereby increased food intake and improved 
efficiency of protein metabolism have been implicated as 
mechanisms by which protein is stored during early pregnancy 
for use by the developing fetuses during the last week of 
pregnancy (Naismith, 1973; Naismith and Morgan, 1974). The 
extent, nature, and physiological importance of such protein 
reserves in the gravid gilt have not been elucidated. 
DNA content of an organ or tissue is an indicator of 
relative nuclei numbers. The non-dividing nucleus has been 
estimated to contain a reasonably constant 7xlo-12 g of DNA 
per diploid set of chromosomes (Munro and Fleck, 1969). 
Mature skeletal muscle cells may contain from 100 to 200 
nuclei with a limited amount of cytoplasm maintained by each 
nucleus (Stromer et al., 1974). After increases in muscle 
cell numbers have ceased, additional nuclei may be added to 
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a cell to allow further growth of cell mass. Such an 
occurence would be indicated by an increase in total DNA per 
organ or tissue while concentration of DNA might remain 
unchanged. Martin et al. ( 1974) have reported increases in 
muscle DNA beyond 6 months of age in the gilt and Robinson 
(1969) noted increases in total pig muscle DNA at 100 days 
of age. This implies that gilts of breeding age may be 
capable of increasing muscle tissue mass by increasing 
nuclei numbers as described by Stromer et al. (1974). 
DNA content can be used to indicate the relative growth 
of muscles during protein storage or growth of the uterus 
and its contents during gestation. However, interpretation 
of DNA data must recognize the fact that both muscles and 
the gravid uterus contain mixtures of cell types with 
different volumes of cytoplasm per nucleus and the uterus 
contains many actively dividing cells (more than diploid). 
Although various expressions of DNA may provide useful 
information about tissue growth, the use of total DNA per 
muscle (Trenkle, 1974) or organ (i.e. uterus; Leathern et al. 
1968) appears to be the statistic least vulnerable to dis-
tortion by changes in other tissue constituents. 
The use of tissue RNA levels as an indicator of growth 
and protein synthetic activity is well documented. Bergen 
(1974) summarized recent work on protein synthesis regu-
lation through control of RNA levels. Evidence that RNA 
levels reflect dietary protein adequacy comes from work in 
which amino acid deficiencies have been shown to reduce 
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synthesis of ribosomal RNA, possibly through an accumulation 
of unacylated tRNA. Reduction of ribosomal RNA has a long 
term effect in reducing protein synthesis. Allison et al. 
(1963) and Howarth (1972) have shown reduced total RNA 
levels in muscles of protein deficient rats. leathern et al. 
(1968) found uterine RNA levels to be less responsive to 
pregnancy in the rat when poor quality proteins were fed. 
RNA to DNA ratio serves as a good indicator of protein 
synthetic activity per unit of cytoplasm maintained by a 
nucleus. One problem associated with using RNA as a growth-
protein synthesis indicator is the apparent difference in 
efficiency of protein synthesis (amino acids incorporated 
per unit of ribosomal RNA) possibly influenced by hormonal 
factors of pregnancy (Young, 1974; Bergen, 1974). 
This experiment was conducted to supplement data from 
a nitrogen balance trial involving gilts fed graded levels 
of protein and slaughtered at three stages of gestation. 
The objectives of this experiment were to examine changes 
in protein, DNA and RNA levels in muscle tissue and gravid 
uterine tissue of gilts during gestation when fed four 
levels of protein. 
Materials and Methods 
Forty crossbred gilts (Hamp-York and Hamp-York-Duroc) 
approximately 275 days of age were randomly allotted to one 
of four protein treatment groups and subsequently to one of 
three slaughter groups (Table I). Treatment groups were 
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assigned diets calculated to contain 8, 14, 17, and 20% 
crude protein. The 20% crude protein corn~soybean meal 
diet was extended with corn starch to give 17, 14, and 8% 
crude protein diets with constant amino acid ratios across 
treatments (Table II). Dietary calcium and phosphorus were 
maintained at .75 and .50%, respectively; and vitamins and 
trace minerals were supplied at levels presented in Table 
II. Stage of gestation groups 30, 60, and 90 represent the 
approximate date of gestation when gilts were sacrificed. 
Gilts were fed the allotted experimental diets from the 
estrus prior to breeding until slaughter. When fed at 1.82 
kg/day, diets provided daily crude protein intakes of 119, 
227, 275, and 326 g and digestible energy intakes of 6323, 
6255, 6223, and 6190 kcal/day for protein treatment groups 
8, 14, 17, and 20%, respectively. Crude protein intakes 
were approximately 88% of calculated values, apparently due 
to corn or soybean mean crude protein values lower than 
anticipated. Each of the four treatment groups was 
randomly assigned to one of four dirt lots and gilts were 
fed once daily in individual feeding stalls. Gilts were 
observed daily for signs of estrus by introducing a teaser 
boar into the pens. Each gilt was mated to two different 
boars on consecutive days at the second estrus on trial. 
Nitrogen balance studies were conducted on a ramdom 
sample of the gilts (23 animals) as reported in Chapter III. 
Collections were conducted before breeding, and in early, 
mid, and late gestation, depending on date of slaughter. 
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Gilts were weighed at the start of the trial and at 
slaughter. Growth data is presented in Chapter III. Gilts 
were slaughtered as near allotted slaughter dates as 
possible. Reproductive tracts were recovered as quickly as 
possible after slaughter and uniformly trimmed by severing 
the uterus approximately 7.5 cm posterior to the junction of 
the uterine horns. The tracts were weighed and dissect~d 
for evaluation of reproductive performance (Chapter III). 
All solid tissues including the uterus, ovaries, placenta, 
and fetuses were ground twice through a 4.23 nnn screen in a 
Hobart Model 4332 grinder and 100 g ground sample was 
quickly frozen in a dry ice-ethanol bath. Volumes were 
recorded for freely draining uterine fluids and a 10 ml 
sample was frozen for Kjeldahl nitrogen analysis. (A.O.A.C., 
1960) The semitendinosus and biceps femoris muscles of each 
left ham were dissected as soon after slaughter as possible. 
The combined muscles were weighed, quickly ground, and 100 g 
samples frozen in a dry ice-ethanol bath. Liver weights 
were recorded and 20 g samples were frozen for Kjeldahl 
nitrogen analysis. (A.O.A.C., 1960) 
Uterine and muscle tissues were analyzed for crude 
protein, sarcoplasmic protein, fibrillar protein, RNA and 
DNA. Duplicate 1 g samples of each tissue were subjected to 
Kjeldahl nitrogen analysis (A.O.A.C., 1960) and nitrogen 
values were multiplied by 6.25 to estimate crude protein 
content. 
Sarcoplasmic and fibrillar proteins were determined by 
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a procedure similar to Helander ( 1957). Chips of the frozen 
uterine and muscle tissues weighing approximately 1 g were 
immersed in 10 ml cold .03 M KI+ .03 M P04 buffer, pH 7.4. 
Tissues were extracted twice with this buffer in a Sorvall 
Omnimixer with a constant rheostat setting for 15 minutes. 
This rheostat setting was determined to be the maximum speed 
possible without excessive foaming. After each extraction, 
samples were centrifuged for 15 minutes at 3020 x G at 4 C 
in a Sorvall RCB 2 centrifuge. After centrifugation, the 
supernatant was filtered through glass wool. Proteins in 
combined filtrates were precipitated by addition of an 
equal volume of 20% trichloroacetic acid (TCA) and centri-
fugation at 4080 x G for 15 minutes. The precipitate 
(sarcoplasmic proteins) was frozen for Kjeldahl nitrogen 
analysis. (A.O.A.C., 1960) The residue, left after 
extraction by the first buffer, was then extracted twice 
with 10 ml volumes of 1.1 M KI+ .1 M P04 buffer, pH 7.4. 
Extraction, centrifugation, and precipitation were carried 
out as before with the final precipitate being fibrillar 
proteins. 
Uterine and muscle tissues were analyzed for RNA and 
DNA by procedures similar to those described by Tucker and 
Reece (1962). Approximately 5 g of ground tissue were 
weighed into a 50 ml plastic centrifuge tube and extracted 
for 24 hours with ethanol: chloroform (2:1 v/v) then with 
ethyl ether for 24 hours to remove lipids. Extraction was 
carried out on a shaker at room temperature. Tubes were 
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then centrifuged at 2000 x G for 15 minutes and the super-
natant was discarded. The final residue was dried at 37 C 
for 6 hours then weighed and stored at -20 C. Samples were 
later ground through a 40 mesh screen in a Wiley Mill and 
again stored at -20 C. 
Duplicate 25 mg samples were extracted with 5 ml of 
ethanol: chloroform (3:1 v/v) then extracted twice with 5 
ml of ice-cold 10% aqueous TCA. TCA was removed from the 
residue by washing with 5 ml ice-cold ethanol saturated 
with sodium acetate. All extractions and washings were 
followed by centrifugation at 35,000 x G and 4 C in a 
Sorvall RCB 2 centrifuge. The final residue was digested in 
3 ml of 1 N KOH for 15 hours in a 37 C waterbath-shaker. 
The resulting residue was acidified with .4 ml ice~cold 
6 N HCL and 3.4 ml ice-cold 10% perchloric acid (PCA). The 
precipitate was centrifuged as before with the supernatant 
decanted and the resulting precipitate washed twice with 5 
ml of 5% PCA. After centrifugation, the three supernatants 
were combined and volumes were standardized to 17 ml with 
5% PCA. These combined supernatants were analyzed for RNA 
nucleotide bases by ultra violet absorption (260 nm) with a 
Gilford 240 spectrophotometer. 
The final precipitate from RNA extraction was extracted 
twice for DNA with 5 ml of 5% PCA in a 70 C sand bath for 
15 minutes. The ccimbined supernatants were standardized to 
a 10 ml volume and analyzed for DNA nucleotide bases by 
ultra violet absorption (268 nm). Standard curves of 
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purified torula yeast RNA and highly polymerized calf thymus 
DNA (Sigma Chemical Company) were plotted and two standards 
were analyzed with each separate group of unknowns resulting 
in separate regression equations for calculation of unknown 
concentrations. 
Data were analyzed by procedures described by Harvey 
(1960) due to unequal subclass size. least squares means 
were tested for fit of linear, quadratic, and cubic poly-
nomials over the four protein treatment levels and linear 
and quadratic fit over the three stages of gestation. Table 
IX shows a typical analysis of variance table. 
Results and Discussion 
Muscle Proteins 
Table X indicates that protein intake did not influence 
wet weights of combined semitendinosus and biceps femoris 
muscles, total g of sarcoplasmic proteins, and wet tissue 
basis percentages of fibrillar, sarcoplasmic and crude 
protein~ However, total fibrillar protein per muscle 
increased linearly (P<.OS) as protein intake increased. 
This effect is apparently due to a combination of slight 
increases in muscle weight and fibrillar protein percentages 
which were not detectable with the numbers of animals 
involved in this experiment. A difference of 22.7 g of 
fibrillar protein between the 8 and 20% groups appears 
insignificant when compared to 192 g difference in muscle 
weights observed and does not substantially support the 
concept of protein storage. It was anticipated that if 
protein storage had occurred, such storage would have been 
through increases in fi.brillar proteins (Dickerson and 
Widdowson, 1960). 
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As stages of gestation progressed, muscle weights 
increased linearly ( PC05), indicating that either normal 
gilt growth or pregnancy-induced growth was causing increased 
deposition of one or more muscle constituents. Total grams 
of sarcoplasrnic proteins increase.d (P<.05) with stage of 
gestation, but can explain only a small part of total 
muscle growth. Fibrillar proteins (percentage or total 
grams) were not significantly affected by stage of gestation 
although there was a tendency toward increased total g as 
pregnancy progressed. 
Crude protein expressed as a percentage of wet tissue 
weight was affected by a significant protein level x stage 
of gestation interaction and examination on a within protein 
level basis yielded no significant differences due to stage 
of gestation. Crude protein percentages of 16 to 18% of 
wet weight were within the range of values obtained for pig 
muscle by Gilbreath and Trout (1973). 
Tables XI through XV show tissue protein data expressed 
on a dry, ether extracted basis. Table XI indicates that 
both muscle and uterine dry, ether extract percentages were 
affected by significant protein level by stage of gestation 
interaction which resulted in tissue protein data affected 
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by similar interactions when expressed on a dry, ether 
extracted basis. Tables XII through XV show this same data 
expressed on a within protein level basis. Numbers of 
observations per subclass cell were inadequate to establish 
any stage of gestation effects on a within protein level 
basis. This data emphasizes the problems associated with 
use of tissue levels of proteins in evaluating dietary 
adequacy as reviewed by Waterlow (1969) and favors the use 
of total g of protein per muscle or organ. 
Since protein intake did not significantly affect 
nitrogen retention, it is not surprising that protein 
intake effects on muscle protein were minimal. Stage of 
gestation had a significant quadratic effect (P<.05) on 
nitrogen retention which is difficult to explain. As 
gestation progressed, retention declined from 7.3 to -16.3 
g/day while muscle weights and protein levels generally 
increased. It is apparent that either protein was trans-
located to these muscles from other tissues (viscera or 
other muscles) or nitrogen balance was underestimated. The 
latter explanation seems doubtful since nitrogen balance is 
a relatively routine procedure which has an inherent ten-
dency to overestimate rather than underestimate retention. 
Uterine Proteins 
As was the case with muscle weights, uterine weights 
(Table XVI) were not significantly influenced by protein 
intake. Fibrillar and sarcoplasmic proteins, expressed as 
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percentages of wet tissues, increased linearly (P<.05) with 
increasing protein intake. When multiplied by uterine 
weights to give total g of proteins per gravid uterus, non-
significant trends show increasing fibrillar and sarco-
plasrnic proteins with additional dietary protein. This may 
reflect the deposition of these two protein fractions in the 
fetal tissues which has been studied by Dickerson and 
Widdowson(l960). 
Considering the lack of effect of protein intake on 
uterine crude protein (percentage and total g) and other 
non-significant trends, it may be concluded that protein 
intake in this experiment did not substantially affect 
growth in the developing fetuses. As in muscle data, the 
failure of protein intake to influence nitrogen retention 
would lead us to expect negligible effects on uterine 
proteins. Leathern et al. (1968) used severe protein rest-
rictions (0% versus 20% casein) to demonstrate a reduction 
in total uterine weights and total uterine protein at day 
13 of pregnancy in rats. Svajgr et al. (1972) reported 
lighter uterine weights in first litter sows fed low protein 
levels (5% crude protein). 
The growth curve of the uterus and its contents 
appeared to be linear (P<.01) from 30 to 90 days of gesta-
tion as previously illustrated by Hafez and Dyer (1969). 
This growth curve was reflected by linear (P<.Ol) increases 
in percentage and total g of fibrillar proteins, total 
sarcoplasrnic protein and total crude protein. The linear 
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nature of these curves does not support the calculations of 
Moustgaard (1962) which suggest that nitrogen retention for 
intrauterine deposition would rise exponentially as gesta-
tion progressed. However, two factors must be remembered. 
Firstly, some 25 days remained in this experiment before 
gestation was completed and secondly, it has been proposed 
(Chapter III) that energy was limiting in this trial. Such 
a limitation would certainly diminish the possibility of an 
exponential increase in protein deposition in the uterus. 
It is important to note that as nitrogen retention 
decreased quadratically (P<.05), synthesis of proteins in 
the gravid uterus continued. This emphasizes the high 
priority of the uterus for available protein (Pond, 1973) 
and may also indicate an elevated protein turnover rate 
resulting in greater losses of nitrogen from gilts in this 
experiment. The source of protein for uterine growth as 
pregnancy progressed was not evidenced by tissue data or 
nitrogen balance data in this experiment. Tissues other 
than semitendinosus and biceps femoris muscles and liver 
may have contributed to the 809 g of crude protein present 
in the gravid uterus at day 90 of gestation. Nitrogen 
balance at this stage was -16.3 g/day suggesting that con-
siderably more protein was being catabolized. 
Liver and Uterine Fluids 
As shown in Table XVII, liver weights and total g of 
crude protein in the liver responded in a significant quad-
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ratic manner to increasing dietary protein while crude pro-
tein percentage (wet basis) responded in a linear (P<.01) 
manner. Both liver weight and total g of crude protein 
apparently increased from the 8 to 14% crude protein diets 
then plateaued or decreased slightly at higher protein 
levels. Allison et al. (1964) have reported that liver size 
in rats is increased as casein intake increases but plateaus 
at a nitrogen intake of approximately 3 g/kg of body 
weight/day. 
Protein .intake did not significantly influence the 
volume, crude protein concentration or total crude protein 
in the fluids which nourish and cushion the fetuses and are, 
in part, excretory products of the fetuses. The extent of 
nourislunent provided by these fluids is not well documented. 
Stage of gestation had no apparent effect on liver 
weights, crude protein percentage or total crude protein. 
The liver is widely recognized as the most dynamic protein 
storage organ (Kosterlitz and Campbell, 1945; Allsion and 
Wannemacher, 1965). Therefore, if any appreciable storage 
and translocation of protein were occuring, it is logical 
to expect changes in liver weights and crude protein. In 
this experiment the liver provides no explanation as to the 
source of protein deposited in the gravid uterus. 
Uterine fluid volume, crude protein concentration, and 
total crude protein responded to progressing stage of gesta-
. tion in various quadratic (P<.01) manners. Fluid volume 
increased from 2.47 liters at 30 days of gestation to 4.82 
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liters at mid gestation, then declined to 1.82 liters at 90 
days. Hafez and Dyer (1969) illustrate fluid accumulation 
until about 90 days of gestation, then a plateau or slight 
drop in volume near parturition. Gilts in this experiment 
accumulated nruch more fluid in mid gestation than could be 
expected from their data. Fluid crude protein concentration 
increased throughout gestation while total g of crude pro-
tein increased to mid gestation, then plateaued or declined 
slightly at 90 days of pregnancy. 
In general, increasing crude protein intake in experi-
mental gilts caused small increases in total muscle fibrillar 
protein and crude protein, in wet tissue percentage of 
uterine fibrillar and sarcoplasmic proteins, and in liver 
weights and total crude protein to a plateau level. The 
main effects of progressing stage of gestation were in-
creased nruscle weights and total sarcoplasmic protein, 
increased uterine weights, total sarcoplasmic, fibrillar and 
crude proteins and increased uterine fluid crude protein to 
a plateau level. Therefore, tissue protein levels do not 
support a scheme of protein storage and translocation in 
this experiment. 
Muscle DNA and RNA -----
Table XVIII presents nruscle DNA and RNA data expressed 
on a dry ether, extracted basis. Since this extraction was 
a part of the nucleic acid analysis and protein level x 
stage of gestation interactions were not indicated, values 
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are expressed on this basis. Muscle DNA expressed as con-
centration, total g per muscle or mg/g of sarcoplasmic plus 
fibrillar protein was not significantly affected by protein 
intake or stage of gestation. This data indicates that 
there was not an increase in nuclei numbers of muscles as 
would be expected if hyperplasic growth were occuring 
(Stromer et al., 1974). A trend toward a decline in DNA 
per unit of protein over stages of gestation indicates that 
muscle growth was by hypertrophy, not hyperplasia. Winick 
and Noble (1965) defined three phases of growth for the rat 
from conception to adulthood. Phase one involved hyper-
plasia, phase two combined hyperplasia and hypertrophy and 
the third phase involved only hypertrophy. Martin et al. 
(1974) and Robinson (1969) suggested that in the pig, some 
degree of hyperplasia or increase in muscle nuclei numbers 
can continue long after birth (3 to 6 months). In this 
experiment nutritional factors (protein plus energy) may not 
have been sufficient to stimulate increases in nucleus-
cytoplasm units. The current theory involving muscle 
nuclei numbers is based on the proposal that satellite 
cells (small, mono-nucleated cells) which lie on the peri-
phery of muscle cells can fuse with those muscle cells to 
add nuclei. This mechanism allows expansion of potential 
cell mass even after nuclear division has ceased within the 
cell (Stromer et al., 1974). 
Muscle RNA concentration and total g of RNA were not 
significantly affected by protein intake. There was a 
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trend (P<.10) toward increasing muscle RNA concentration 
as pregnancy progressed which became a significant linear 
increase when expressed as total muscle RNA. This indicates 
that protein synthetic activity in these muscles was in-
creasing, possibly to increase muscle protein stores. The 
ratio of RNA to DNA also increased with stage of gestation 
supporting these previous statements. It is suggested that 
the muscles were increasing their protein synthetic capacity 
under the influence of increased substrate (free amino 
acids) or anabolic hormones (Bergen, 1974). 
Uterine DNA and RNA 
Table XIX presents nucleic acid data for uterine 
tissues on a dry, ether extracted basis. Concentration of 
DNA {mg/ g) and total g of DNA per gravid uterus were highly 
variable and differences among protein intake groups were 
not significant. This suggests that cellular growth in the 
gravid uterus did not respond to increasing protein intake 
of the gilt. Since the low protein diet appeared adequate 
for maximal hyperplasia, some other nutrient (such as 
energy) may have been inadequate to allow a response to 
elevated protein intake. 
Uterine DNA per unit of sarcoplasmic plus fibrillar 
protein was not significantly influenced by protein level, 
although values ranged from 59.51 mg/g for the 20% diet to 
76.45 mg/g for the 14% diet. This measurement was calcul-
ated to indicate the degree of hypertrophy or protein 
deposition per nucleus; however, a consistent trend is not 
apparent with respect to protein intake effects on this 
measure of cellular growth. 
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Stage of gestation did not alter uterine DNA concen-
trations but total g of DNA increased linearly ( P<.Ol) from 
30 to 90 days of gestation implying that hyperplasia or 
increases in nuclei numbers continued at a similar rate 
throughout this part of gestation. 
Uterine RNA concentration was not responsive to protein 
intake or stage of gestation and total g of RNA did not 
respond to protein intake. leathern et al. (1968) outlined 
the effects of protein nutrition on the biochemical composi-
tion of the rat and mouse uterus. These authors cited 
decreases in total RNA per uterus due to severe protein 
deprivation while concentrations of RNA were not changed. 
Increases in uterine RNA were significantly linear as ges-
tation progressed in this experiment. These increases in 
RNA were not proportionate to increases in nuclei as indi-
cated by RNA to DNA ratios of 2.85, 3.68, and 3.04 for 30, 
60, and 90 days, respectively. 
In general, increasing protein intake in this experi-
ment had little or no influence on muscle and gravid 
uterine levels of DNA and RNA. Naismith and Morgan (1974) 
have reported increased fetal and placental weight, total 
uterine protein and total uterine DNA in pregnant rats when 
fed supplemental protein. The failure to achieve such a 
response in these gilts has tentatively been attributed to 
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inadequate energy allowances. The effects of stage of 
gestation on DNA and RNA have been described as linear 
increases in total muscle RNA and total uterine RNA and DNA. 
These measurements indicate the nature of protein synthetic 












ANALYSIS OF VARIANCE TABLE 
Protein Level x Stage of Gestation 
Animals/Protein Level x Stage of Gestation 
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MUSCLE PROTEINS FROM GILTS FED GRADED LEVELS 
OF PROTEIN AT THREE STAGES OF GESTATIONa 
Protein Level 
Item 
8% 14% 17% 20% 30 
Muscle weightsb (g) 2660+103 2830+95 292o+l07 2850+107 2660+91 
Fibrillar protein (%) 5.53+.21 5.51+.21 6.06+.21 5.94+.24 5.79+.20 
Fibrillar protein (g) 147+9.0 155+8.2 177+8.2 170+9.3c 156+7.9 
Sarcoplasmic protein (%) 2.84+.ll 3.02+.10 2.87+.10 2.92+.11 2.79+.10 
Sarcoplasmic protein (g) 75.2+4.3 95.4+4.0 84.1+4.0 83.6+4.5 74.2+3.8 
Crude proteind (%) 16.4+.35 18.0+.33 17.1+.33 17.6+.37 17.3+.31 
Crude protein (g) 436+21.5 510+19.8 499+19.8 503+22.3c 461+19.0 
~e~ns + standard errors on a wet tissue basis. 
bSemitendinosus and biceps femoris muscles of left ham. 
cLinear effect significant (P(.05). 
dSignificant protein level x stage of gestation interaction (P<.05). 











MUSCLE AND UTERINE TISSUE DATA EXPRESSED ON A DRY, ETHER EXTRACTED BASISa 
Protein Level 
Item 
8% 14% 17% 
b c 
Muscle DEET ' 27.2+.62 33. 4+. 57 28.6+.57 




20.5+.94 16.6+.87 21. 3+. 87 
Muscle sarcoplasmicc 10.5+.41 9.l+.38 10.1+.38 
protein 
b,c 
16.2+.52 20.4+.48 20.9+.48 Uterine DEET 
u . d . c terine cru e protein 48.2+.63 41.5+.58 40.4+.58 
Uterine f ibrillar c 5.4+.35 4.9+.33 5.0+.33 
protein 
Uterine iarcoplasmicc 12.4+.52 9.5+.48 11. 3+.48 
prote n 
aValues given in percentages + standard errors. 










cProtein level x stage of gestation interaction significant (P<.05). 
Stage of Gestation 
30 60 90 
31. 2+.55 29.1+.55 29.4+.47 
55. 7+.66 62.1+.66 57.5+.56 
18.7+.83 20.2+.83 19.9+. 71 
9.0+.36 10.4+.36 10. 2+. 31 
20.5+.46 17.8+.46 17. 3+. 39 
43.2+.55 42.9+.55 48.1+.47 
4.4+.31 5.4+.31 6.7+.27 
10.9+.46 12.4+.46 11. 8+. 39 
°' I.Al 
TABLE XII 
MUSCLE AND UTERINE TISSUE DATA EXPRESSED ON A 
DRY, ETHER EXTRACTED BASIS FOR GILTS 
FED THE 8% DIETa . 
Stage of Gestation 
Item 
30 60 
Muscle DEETb 28. 7+1. 27 26. 3+1.04 
Muscle crude protein 56.2+1.52 62. 8+1. 24 
Muscle fibrillar protein 19. 6+1. 92 21. 6+1. 57 
Muscle sarcoplasmic protein 9.7+.84 11.0+. 68 
b 
Uterine DEET 19.1+1.06 13.9+.87 
Uterine crude protein 40. 7+1. 27 51.0+l.04 
Uterine fibrillar protein 4.l+.72 5.3+.59 
Uterine sarcoplasmic protein 10.2+1.06 14.9+.86 
8values given in percentages + standard errors. 












MUSCLE AND UTERINE TISSUE DATA EXPRESSED ON A DRY, 
ETHER EXTRACTED BASIS FOR GILTS FED THE 14% DIETa 
Stage of Gestation 
Item 
30 60 
b Muscle DEET 30. 8+1. 04 32. 8+1. 04 
Muscle crude protein 60. 2+1. 24 60.7+1.24 
Muscle fibrillar protein 18. 6+1. 57 15. 7+1.57 
Muscle sarcoplasmic protein 9.6+.68 9.4+.68 
Uterine DEETb 18.1+.87 21. 5+. 87 
Uterine crude protein 48.3+1.04 38. 9+1.04 
Uterine fibrillar protein 5.5+.59 4.2+.59 
Uterine sarcoplasmic protein 11.6+.86 9.2+.86 
~alues given in percentages ± standard errors. 




42. 8+1. 08 
15. 5+1. 36 
8.3+.59 













MUSCLE AND UTERINE TISSUE DATA EXPRESSED ON A DRY 
ETHER EXTRACTED BASIS FOR GILTS FED THE 17% DIETa 
Stage of Gestation 
Item 
30 60 
DEETb 30.6+1.04 26. 9+1. 04 
crude protein 57 .3+1.24 64. 2+1. 24 
fibrillar protein 19. 6+1. 57 24. 4+1. 57 
sarcoplasmic protein 9.l+.68 10.9+.68 
DEE Tb 26.2+.87 20.6+.87 
crude protein 34.4+1.04 35.4+1.04 
fibrillar protein 2.7+.59 4.6+.59 
sarcoplasmic protein 8.7+.86 10.7+.86 
~alues given in percentages ± standard errors. 




















MUSCLE AND UTERINE TISSUE DATA EXPRESSED ON A DRY, 
ETHER EXTRACTED BASIS FOR GILTS FED THE 20% DIETa 
Stage of Gestation 
Item 30 60 
DEE Tb 34. 7+1.04 30.5+1.27 
crude protein 49.2+1.24 60. 8+1. 52 
fibrillar protein 17.0+l.57 19.0+1.92 
sarcoplasmic protein 7.7+.68 10.l+.84 
DEE Tb 18.6+.87 15.0+l.06 
crude protein 49.2+1.04 46.2+1.27 
fibrillar protein 5.o+.59 7 .4+. 72 
sarcoplasmic protein 12.9+.86 14. 7+1. 06 
~alues given in percentages + standard errors. 
b . 
DEET defined as dry, ether extracted tissue. 
67 
90 
25. 9+1. 04 
67.2+1.24 
23.8+1.57 
11. 6+. 68 
16.1+.87 




UTERINE PROTEINS FROM GILTS FED GRADED LEVELS 
OF PROTEIN AT THREE STAGES OF GESTATIONa 
Protein Level Stage of Gestation 
Item 
8% 14% 17% 
Uterine weights (g) 6190+854 6240+785 5860+785 
Fibrillar protein (%) .86+.06 .99+.06 .95+.06 
Fibrillar protein (g) 58.1+10.3 63.1+9.5 60.3+9.5 
Sarcoplasmic protein (%) 1.97+.08 1.98+.08 2.26+.08 
Sarcoplasmic protein (g) 121+16.3 119+15.0 13o+15.0 
Crude protein (%) 7.72+.23 8.39+.21 8.13+.21 
Crude protein (g) 433+76.3 513+70.2 458+70.2 
8Means + standard errors on a wet tissue basis. 
bLinear-effect significant (P(.01). 
cLinear effect significant (P<.05). 
dQuadratic effect significant (P<.Ol). 
20% 30 60 90 
b 







74.6+10.7 18.7+9.1 54.2+9.l 119.1+7.7 
b 
2.23+.09 c 2.19+.07· 2.11+.07 2.03+~06 
139+16.9 47.8+14.4 124+14.4 211+12.2 
b 
d 
8.11+. 24 8.68+.21 7.40+.21 8.18+.18 
505+79.2 188+67.3 435+67.3 809+57.2b 
°' 00 
8Means + standard errors on a wet tissue basis. 
bQuadratic effect significant (P(.05). 
cLinear effect significant (P<.Ol) and liver crude protein percentage expressed on wet tissue basis. 




MUSCLE DNA AND RNA LEVELS AS AFFECTED BY PROTEIN INTAKE 
AND STAGE OF GESTATION IN GILTSa 
~eans + standard error on dry, ether extracted basis. 
bExpres~ed as mg DNA per g of sarcoplasmic plus fibrillar protein. 
cLinear effect significant (P<.05). 
dLinear effect significant (P(.01). 





UTERINE DNA AND RNA LEVELS AS AFFECTED BY P~OTEIN INTAKE 
AND STAGE OF GESTATION IN GILTS 
Protein Level 
8% 14% 17% 20% 30 
Stage of Gestation 
60 90 
Uterine DNA (mg/g) 12.04+1.53 11.11+1.41 11.73+1.41 12.18+1.59 12.40+1.35 10.63+1.35 12.26+1.15 
Uterine RNA (mg/g) 33.02+3.41 31.82+3.14 33.83+3.14 36.15+3.54 31.37+3.0l 35.82+3.0l 33.93+2.56 
Uterine RNA/DNA 2.96+.47 3.26+.44 3.17+.44 3.37+.49 2.85+.42 3.68+.42 3.04+.35 
Uterine DNA/Proteinb 69.42+8.27 76.45+9.58 76.32+9.50 59.51+8.77 85.01+9.22 62.61+7.98 66.39+6.62 
Total uterine DNA (g) 11.50+2.42 15.52+2.81 14.01+2.86 12.27+2.57 5.32+2.70 11.21+2.34 21.99+1.94c - - - -
Total uterine RNA (g) 35.21+6.83 39.74+7.91 42.53+8.07 38.03+7.24 14.32+7.63 37.40+6.59 61.15+5.47c 
aMeans + standard errors on dry, ether extracted basis. 
bExpres~ed as mg DNA per g of sarcoplasmic plus fibrillar protein. 





Optimizing reproductive efficiency in the gilt is vital 
to the overall efficiency of pork production. To optimize 
this efficiency, we must integrate the best genetic material 
with an ideal environment. A major factor in such an envir-
onment is the provision of proper nutrients for maintenance 
and growth of the gilt, for fetal growth, and for subsequent 
lactation. It may be necessary to subdivide the reproduc~ 
tive cycle into several stages with specific feeding regimes 
for prebreeding development; early, mid, and late gestation; 
and lactation to insure meeting the specific requirements 
of the gilt while maintaining economy of production. This 
study attempted to establish the effects of protein intake 
and stage of gestation on various parameters which should 
provide a broader understanding of the protein requirements 
of the gestating gilt. 
Protein intake of the gilt did not significantly affect 
reproductive performance as measured by number of corpora 
lutea, number of live embryos, survival rate or embryo 
lengths. This concurs with other data found in the litera-
ture. The large degree of variation in reproductive per-
formance criteria of swine makes it difficult to statisti-
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cally document differences in mean performance which appear 
to be of practical importance. Careful studies with large 
numbers of gilts are needed to clearly establish the effects 
of protein on reproductive performance. 
Total body weight gain and average daily gain were not 
significantly affected by protein intake. This suggests 
that the lowest feed intake level, calculated as 147 g of 
crude protein and 6323 kcal of digestible energy, was 
sufficient for body weight gain or that energy was inade-
quate to support a weight gain response to increasing protein 
intake. Further work is needed to define the energy intake 
necessary for optimal use of dietary protein. Nitrogen 
retention in these trials was complicated by trial inter-
actions. In trial 1, nitrogen retention increased as 
protein intake increased, a result that was anticipated due 
to previous studies. But trial 2 resulted in extremely low 
retention values which did not respond to increasing protein 
intake. Three factors are offered in explanation of trial 2 
balance data. Trial 2 was conducted in the colder season of 
the year when maintenance energy requirements of the gilt 
are highest. If the energy supplied was inadequate, dietary 
and tissue proteins would be catabolized for energy purposes 
with subsequent loss of nitrogen. Another factor is that 
gilts in trial 2 were approximately 20 kg lighter than gilts 
in trial 1. This may indicate that tissue stores of fat and 
protein in trial 2 gilts were inadequate to meet elevated 
gestation requirements. A third factor which may explain 
some of the trial differences in nitrogen retention is the 
failure to provide crude protein intakes as in trial 1. 
Trial 2 crude protein values were approximately 88% of 
intended levels. 
Tissue data was derived from gilts in trial ~ only. 
74 
Since the high levels of nitrogen retention were not ach-
ieved as in previous trials, corresponding increases in 
muscle proteins could not be expected. However, total 
muscle fibrillar and crude protein increased as protein 
intake was increased. Since total muscle DNA was not in-
fluenced by protein intake, the increases in fibrillar and 
crude protein suggest that growth of muscle was by hyper-
trophy. The magnitude of increases in muscle proteins does 
not appear sufficient to propose a protein storage scheme. 
If nitrogen retention had been comparable to that in pre-
vious trials, important conclusions may have been possible 
as to the extent of protein that a gestating gilt can store 
for use in late gestation or lactation. 
In this study, various performance criteria were 
evaluated before breeding and during early, mid, and late 
gestation. Conception increased nitrogen retention by 4.1 
g/day in trial 1, but no effect was seen in trial 2. Stage 
of gestation also influenced nitrogen retention in trial 1, 
with similar retention in early and late gestation and lower 
values at mid gestation. This data suggests a complex 
control system possibly mediated by hormonal factors. In 
trial 2, stage of gestation effects on nitrogen retention 
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were shown as a quadratic decrease to -16.3 g/day in late 
gestation. Obviously, whatever system provides control over 
nitrogen retention was entirely changed from trial 1 gilts. 
In a lactation period following such nitrogen losses, milk 
production would likely be impaired. 
As gestation progressed from 30 to 90 days, muscles 
increased in weight and total sarcoplasmic proteins and 
protein synthetic activity increased as measured by total 
muscle RNA. It is apparent that the gilts muscular system 
was prepared to synthesize proteins; however, amino acid 
pools may have been inadequate to supply precursors for 
extensive storage protein synthesis. The growth of the 
uterus and its contents was linear over stages of gestation. 
Gravid uterine tissue weight; fibrillar, sarcoplasmic and 
crude protein values; and DNA and RNA each responded in a 
positive linear manner to progressing gestation. Tissue 
data suggests the hyperplasic nature of fetal growth from 
30 to 90 days of gestation. 
In conclusion, the intent of this experiment was to 
achieve elevated nitrogen retention with graded levels of 
protein intake in the gilt, then to evaluate the extent, 
chemical nature and physiological importance of that high 
nitrogen retention. Since the first part of this objective 
was not met in trial 2, tissue data are inconclusive. 
Further research is indicated from this failure to observe 
expected nitrogen retention levels. 
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